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Enemies or Dance partners

Technology and policy in the
Energy Transition




e all have our own perspective — th

EASTERN
INTERCONNECTION

e es S S St i

o
[ DEUTSCHLAND
EN72
EER |
—— 380KV !g e Weintelden
—2z0kv A e
Lachman Witerl
Substat i
@ substation "B cor 8@ SNy iekem
Froloo n Morsingen
INTERCONNECTION Lt Wi Mistegwl Falla .
» Fumentfal > el a OSTERREICH
ingen o
c T\~ EEE sueGndCoponionofClin T Faring 1 | /oureniog
ELECTRICITY RELIABILITY M e Grid Compontion of China S v f R § i ? % LIECHTENSTEIN
COUNCIL OF TEXAS ¢ stagem
INTERCONNECTION China Souther Power Grid % 4 —
erzers S
FRANKREICH Ingenponi 09 prageta
i cainiz & .
- w-u(:i NN (Gl (I8 iz
(e Goschenen Nanz % isur /. OvaSHin
Rom
Grmsel
Transn¥ssion knas and ganerat = >E=] =y E’omm '@ nias
o . OREANE, paniieue | @ Hotterens Flesch, Ry 5 Biasch Perrera | TS
— 500 kY DC LUNE Irag
Bisch i Lopbia
—gnky  * Power Station [ £ e S -
— 75k Substanon B! e Gt & op S g
70 Bois Tollot £
Foreta g
132/ 10k e " — 3 stolden Verbato) @ magaaing™
— 86KV Lo Batiaz Zermeiggern Manno
— W Flonnay GD
Flomnay F
ITALIEN

i

3

»

SRS RERENS HlO3

SOREIILS
)

813313 30
DNIDES 1045
NOD MALNWOD

13181331

Al

-—

SISATYUNY WILSAS H4IM0d
SISATVNY SWALSAS ¥AMOd

Pt

S
U0 ENJeAT

VM S N N
INVIN T NHOL

o —
NSO G AVOI
SWALSAS GITIONL

ATV AHL ¥HE.0 uuEl]

NVLYVdS

10 NIW

SOINYNAG WALSAS H3IMOd

TOUINDD ONV 'NOILVEIA0 'NOILVEINIS ¥IMOd

FATHOUVA
WALSAS TOHENOD
SINONODT] WILLSAS HUAMNO|

ror

—
i E
xi!@ AL

e S

1



The Energy Transition

Energy Source

g

Maintain supply demand balance, reliably and cost effectively at all locations
and times.

Single Technologies @ 4
and Locations <

Electricity

Much bigger than electricity Campus, City
Community Thermal
Regional, National, ~ Fuels n
Nothing individually new but everything in between is new Continental

Enormous challenge - not only technically but politically

Residential Commercial Industry Mobility

Energy Use Sector
Need to crack the chicken and egg problem and avoid putting the cart before the horse

MISO and Switzerland are “central” to developments




The trend is dramatic and clear — towards 100 %

Share in Additions to Global Power Capacity
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renewables in
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https://www.esig.energy
/esig-releases-toward-
100-renewable-energy-
pathways-key-research-

needs-report/



https://www.esig.energy/esig-releases-toward-100-renewable-energy-pathways-key-research-needs-report/

Physical characteristics of variable renewable energy

resources

* Inverter Based Resources (IBR) -
power electronics replacing

synchronous machines
 Spatially disperse - distributed

e Variable and somewhat difficult

to predict - uncertainty

Does not add
to system inertia etc.

power [% of Pn]

NARIS, National Renewable Energy Laboratory
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Different stakeholder and time frames
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Governing equations

Maxwell

The Laws of Thermodynamics|

d _— qenc
E ¥ A e 8 0. Two bodies in thermal equilibrium are at same T
0

1. Energy can never be created or destroyed.

$B-dA = 0

2. The total entropy of the UNIVERSE
( = system plus surroundings) MUST INCREASE

d@ in every spontaneous process.
§E 7 ds — ASqyora = Assystem +Assurroundj_rlg§ >0

d t 3. The entropy (S) of a pure, perfectly crystalline
compound at T=0 K is ZERO. (no disorder)

1st Law:
Inertia

3rd Law:
Equal &
Opposite

§B°ds

[S1.q = 0 (perfect xil)|
uogo _E + uo zenc 10Nov97 Entropy & Free Energy (Ch 20) - lect. 2 16 NeWton'S LaWS

dt
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Electricity is different but power systems are the same

SPOT PRICING
OF ELECTRICITY

Science Advisory Council

Valuing dedicated storage in electricity grids

Fred C. Schweppe
Michael C. Caramanis

Richard D. Tabors
Roger E. Bohn

5

r Academic Publishers
/Dordrecht/London

EASAC policy report 33

May 2017

ISBN: 978-3-8047-3729-7

This report can be found at
Www.easac.eu




The Transition is a Journey but no new bicycle




Ireland May 10t 2022

http://smartgriddashboard.eirgrid.com
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http://smartgriddashboard.eirgrid.com/

Global Power System Transformation (G-PST) Consortium

Founding System

Operators
The opposite
of divide and
conquer is
‘unite and
build.

nationalgrid
&> California 1SO

EIRGRID 'ENERGINET
GROURF

Perform cutting edge
applied research to
create novel system
operator solutions and
globally disseminate
and infuse new insights
through peer learning

LINREL

Transforming ENERGY

Imperial College
London

3. Foundational
Workforce
Development

2. System Operator
Technical
Assistance

Build the inclusive and
diverse workforce of
tomorrow through
enhanced university
curriculum and technical
upskilling for utility and
system operator staff

Provide implementation
support to scale
established best practice
engineering and
operational solutions

4 IEEE

Advancing Technology
for Humanity

VTT

4. Localized Technology 5. Open Data

Adoption Support

Adapt modern power
system technologies to
individual country
contexts through testing
programs and standards
development activities

and Tools

. B

Support rigorous
planning, operational
analysis and enhanced
real-time system
monitoring through open
data and tools

i e
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Imperial College
London

Inaugural Research
Agenda

Developing Country

G-PST Core Team System Operators

Technical Institutes

https://globalpst.org/wp-content/uploads/042921G-PST-
Research-Agenda-Master-Document-FINAL updated.pdf

https://elobalpst.org/

215t April 2021



https://globalpst.org/wp-content/uploads/042921G-PST-Research-Agenda-Master-Document-FINAL_updated.pdf
https://globalpst.org/

Bring it all together Institutionally for Transformation of the Global Power System " CONSORTIUM

Operational & Commercial Mechanisms . 0 Balance of reliability / \
Define Objective to and cost Political Economy
swissgrid “MISO | maintain reliable < Government, policies, market
( supply at least outcomes, consumers, investors,
.: .................................... F...., . COSt \ etc. /
Needs to meet ﬁ Characteristics of the New sub-systems
: i : Electricity Grid & devices @
ObjECtIVES y installed and
: S - some older
/\ /~ Electricity Grid "\ |[*°7° "
: . anuracturers, entrepreneurs,
& Interconnection of , P
= > . Investment technology innovation etc.
> § : multiple sub-systems Decisions
\/ 2 and devices with a igB
k market / & ;- New sub-systems/devices )
. ided Physical properties and
Services provide constraints of subsystems Scenarios, High IBR * Inverters based resources
to meet needs & devices in grids with wind, * Distributed energy resources
5 g solar, nuclear etc. \_* Enablers e.g. digitalisation )




G-PST and Policy

FIGURE 8
Scatter Plot of Size, Frequency, and Duration of Shortfall Events
with Energy-limited Reliance on Energy Limited Resources
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Source: Energy System Group.

Redefining Resource Adequacy
for Modern Power Systems

https://www.esig.energy/wp-
content/uploads/2021/08/ESIG-
Redefining-Resource-Adequacy-
2021.pdf

FIGURE 3
Coordination Needed Between
Policymakers and Grid Planners

Policymakers

Determine acceptable
level of reliability

Grid
Planners

Develop markets or
procure resources to mest
reliability needs and

share costs

Evaluate the tradeoff
betwesen costs and
reliability, adjust reliability
criteria if necessary

Develop final portfolio of
clean energy and refiability
resources

Source: Energy Systems Integration Group.

ENSURING NOT ONLY
CLEAN ENERGY, BUT RELIABILITY

The Intersection of Resource
Adequacy and Public Policy

COP26 Policy Brief by the |
Resource Adequacy Task Force = @ 2
November 2021

GLOBALPST ESIG
v CONSORTl U M ENERGY SYSTEMS

INTEGRATION GROUP

https://globalpst.org/wp-
content/uploads/ESIG-GPST-RA-policy-
brief-2021.pdf



Going towards 100 % in North East of North America
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F. Bouffard, S. Debia, N. Dhaliwal, P. Pineau , “A Decarbonized Northeast Electricity Sector: The Value of Regional Integration, Northeast Electricity Modelling Project Scoping Study”, IET & TISED, Montreal, June 2018.



Engineering is the art of approximation — you should
know the answer before you do the analysis

.............................................................................................
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5/kWh (delta 60 K)
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Source: JRC 2012 & Juha Kiviluoma



Some laws we know others it is too early to tell

Energy Evolution — Digital Revolution —
Laws of Thermodynamics Moores Law

Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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http://upload.wikimedia.org/wikipedia/commons/0/00/Transistor_Count_and_Moore's_Law_-_2011.svg

Conclusions

The energy transition requires discipline .

The laws of physics are not flexible

Policies may need to adapt

Good ideas may have a poor outcome

Global dance partners are needed
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